Introduction: Recent improvements in alloys, kinematics, and concepts have been combined to increase the cyclic fatigue resistance of nickel-titanium (NiTi) instruments. The aim of this study was to compare the cyclic fatigue resistance of new M-Wire reciprocating WaveOne (Dentsply Maillefer, Ballaigues, Switzerland) and Reciproc (VDW GmbH, Munich, Germany) files at 2 levels. Methods: Sixty Reciproc and 60 WaveOne new files were fixed to a specifically designed device and tested in tempered steel canals with a 3-mm radius and a 60 angle of curvature. The motor used was programmed as defined by each manufacturer, and the specific reciprocating motion was followed. Thirty files of each brand were tested at 5 mm, and 30 were tested at 13 mm from their tips. The time to failure was registered. Weibull analysis was used to calculate the mean life, beta, and eta parameters. Results: The probability of the mean life was higher for Reciproc than WaveOne files at both levels, with the probability of the Reciproc mean life being 62% higher than that of WaveOne at 5 mm from the tip and 100% higher at 13 mm (all statistically significant). The probability of the mean life was higher at 5 mm than at 13 mm in both systems. The results may have been partially conditioned by the different motions that manufacturers propose for each system. Conclusions: Reciproc files were more resistant to cyclic fatigue than WaveOne files at both distances from the tip. Both systems had greater cyclic fatigue resistance at 5 mm than at 13 mm from the tip. (J Endod 2012;38:1244-1248 
N ickel-titanium (NiTi) rotary files have become a standard tool with which to shape root canals (1) because of their high flexibility and cutting ability (2) and because they create centered preparations more rapidly (3, 4) . However, they tend to unexpectedly break because of cyclic fatigue (CF), which is induced by the alternating tension-compression cycles to which they are subjected when flexed in the maximum curvature region of the canal and rotated (5) .
Conventional statistical approaches are frequently used to analyze the CF of materials in dentistry. Nevertheless, it has to be considered that materials fail as a consequence of the growth of cracks that originate in the surface or internal flaws (6) (7) (8) (9) because crack extension occurs when the stored elastic energy (mechanical energy) released during extension just exceeds the energy required to form new surfaces (surface energy) (10) . Because the changing distribution of flaws is responsible for the variability in CF (8) , conventional approaches do not appropriately reflect the distribution of data. A more accurate description can be derived by determining the Weibull distribution, which is the ability to deal with cumulative processes causing fatigue by crack generation or the alteration of the preexisting material's defects measured along time (9, (11) (12) (13) (14) (15) . This method allows one to work with extremely small samples, provides a simple and useful graphic plot, and applies when there are multiple similar opportunities to fail and the interest is in the first failure. It is the ''weakest link in the chain'' distribution (6).
Weibull risk-of-rupture analysis is a widely accepted model for material and structural evaluation (10) and is the leading method in the world for fitting and analyzing life data (6) . Although it can be of particular value in dental applications (9), it has not been used to study the CF of endodontic instruments. It has been used in endodontics-related research to study the strain-life relationships of NiTi rotary instruments (16) , the properties of endodontic post materials (17) (18) (19) , the bond strength between the fiber post and root dentin (20) , the risk of failure among endodontically treated teeth (21) , and the mechanical longevity of post and core restorations (22) .
Three major changes have been combined to make NiTi instruments safer: improved alloys, different movements, and new concepts of use. M-Wire is an NiTi alloy that increases the resistance to CF almost 4-fold (23) . A different motion, based on the balanced force technique (24) , was proposed using an F2 Protaper (Dentsply Maillefer, Ballaigues, Switzerland) instrument in reciprocation (25) , which causes less CF than clockwise rotation (26, 27) . Finally, a new concept proposes the use of a ''singleuse, single-file system to shape the root canal completely from start to finish'' (28) . Reciproc (VDW GmbH, Munich, Germany) and WaveOne (Dentsply Maillefer) files are the only 2 M-Wire reciprocating ''One File Endo'' systems that have been developed.
The use of a single file to shape the whole canal challenges the concept of an endodontic instrument not working for itself but rather preparing the canal for the following instrument. When using the recently proposed shaping concept, a new consideration should be taken into account-the fact that the surface contact between the file and the canal increases. Because CF resistance could vary along the file, the probability of breakage could be different in any specific region of the instrument. This information seems to be useful to practitioners who take special care during the shaping procedure of the canal in the specific areas where the weaker part of the file is intended to work (29) . Therefore, the aim of this study was to compare the CF resistance of Reciproc and WaveOne files at the coronal (13 mm) and apical (5 mm) levels.
Materials and Methods

Files
Reciproc has an S-shaped cross-section. WaveOne has a modified convex triangular cross-section at the tip end and a convex triangular cross-section at the coronal end (28 
CF Test Device
A device was fabricated to test CF at different levels ( Fig. 1 ). It had 2 platforms that were designed to adjust positions in the 3 axes of space (Fig. 1A) . One (x-axis) was used to fix the dental handpiece. This platform slid back and forth on a twisted spindle maneuvered by a knob approaching or moving away from the vertical support of the second platform. This second platform (y-and z-axes) had 2 knobs, each of which allowed for the adjustment of the vertical (y-axis) or the depth (z-axis) positions of the canals by displacing a hardened stainless steel piece with 11 carved open semicanals ( The entrance to the canals was vertical ( Fig. 1B red arrow) . At 5 mm from these entrances (Fig. 1B) , the canal curved (60 angle, 3-mm radius) (Fig. 1B and C) . A swiveling, grooved stainless steel top face cover allowed for visualization of the files while rotating in the canal and served to protect the operator (Fig. 1B) .
Positioning and Testing of Files
The canal selected was immediately wider (to the nearest 0.1 mm) than the diameter of the file at the entrance of the canal. The canal of 0.8-mm width was used to test RE-5 and WO-5, and the 1.4-mm wide canal was used to test RE-13 and WO-13 (Fig. 1B) . Files were placed in the handpiece and inserted into the selected canal. The top face cover was swung and secured. Both the canal and the file were lubricated with synthetic oil (Singer All-Purpose Oil; Singer Sewing Company, Barcelona, Spain) to minimize friction.
The files were operated in the VDW SILVER motor (VDW GmbH) with each recommended program (ie, Reciproc files with the ''RECIP-ROC ALL'' mode and WaveOne with the ''WAVEONE ALL'' mode). A recent report (30) claims that this resulted in 150 counterclockwise and then 30 clockwise rotation for Reciproc and 170 counterclockwise and then 50 clockwise rotation for WaveOne. The motor and a 1/100-second chronometer were activated at the same time. The file was monitored through the face cover during the test. The chronometer was manually stopped at the moment of fracture, and the time to fracture was registered.
Statistical Analysis
Weibull analysis (Weibull++ 7; ReliaSoft Corporation, Tucson, AZ) was used to calculate the following parameters and their 95% confidence interval for each group: 
Results
The distribution of unreliability (ie, the probability of failure) versus time per group is shown in Figure 2 . Table 1 presents the results for beta and eta parameters and the mean life and their 95% confidence intervals. When the mean life was compared between the types of files, the probability that Reciproc files would last longer than WaveOne files was 62.4% (not statistically significant) at 5 mm from the tip and 99.9% (statistically significant) at 13 mm. When the mean life at different distances from the tip was compared within the same type of file, the probability that RE-5 would last longer than RE-13 was 72.6% (statistically significant), whereas the probability that WO-5 would last longer than WO-13 was 99.9% (statistically significant).
Discussion
The results of the present study showed that all beta values are higher than 5.1 for both brands and both distances to the tips, indicating a steep slope (Fig. 2) . The steeper the slope for a material is, the smaller the variation in the time to failure is and the more predictable the results are. A theoretical vertical line in the Weibull plot would imply perfect design, quality control, and production, whereas a theoretical horizontal line would mean extreme variability and would indicate that files could break with the same probability at any time (6) . The beta value and 95% confidence intervals for R-5 denote a steeper slope than for R-13, WO-5, and WO-13, which indicates that Reciproc files are more predictable at 5 mm of the tip than in the coronal part and than WaveOne files in any of the tested sites.
Eta values are homogeneous and vary between 5.2 and 5.9 seconds, except for WO-13, which is lower (1.4 seconds) (compare eta values [green line intersections in Fig. 2]) . The mean life values (Table 1) follow the same pattern; WO-13 has a lower value (ie, 1.3) than the others. The CF resistance of WO-13 was lower than that of the others.
Because a preparation technique using a single file with different motions had been proposed to shape the entire root canal (25) , many studies have compared the use of F2 files in reciprocating motion with the conventional sequence of Protaper rotary files (26, (32) (33) (34) (35) (36) ). Significant differences have not been found in terms of the amount of extruded debris (32) or in apical transportation even in curved canals (33) . However, significantly higher transportation in the coronal third was found when reciprocating movement was used (34) . The main advantage of the new approach was that the working time was significantly reduced (26, 35) and that the CF life of F2 was longer when reciprocating motion was used compared with rotating motion (36) . Aspects related to the root canal shape when using the WaveOne system have been studied (37, 38) , but there is only 1 report on the CF of the 2 new systems (30) .
The American National Standards Institute/American Dental Association standardized a protocol for testing the torsional load of .02 NiTi files used for hand instrumentation (39) , but there are no standardized specifications to test the CF of rotary NiTi instruments. Until new standards that consider differences in the kinematics, designs, and alloys of new instruments are developed, well-designed reports on the physical characteristics of new files are necessary (40) .
CF is a failure process associated with repetitive stress (5). The best way of reproducing this type of fatigue is repeating the movement for all tested files in the same, predefined curvature. Places where the file can bind should be avoided because additional torsional stress points will appear (40) . Although the use of extracted teeth come close to clinical situations, they are not ideal for the analysis of CF because they are not standardized, and there may be other confounding factors (40) . This study does not specifically intend to drive direct clinical conclusions but rather to test files in a controlled, repeatable, environment. In this way, confounding factors (eg, dentin, debris, and so on) are excluded, and results tend to approach the intrinsic properties of the files. CF has been tested in artificial canals using plastic blocks, curved metal guiding slopes, tubes, and needles with different angles of curvature. One report analyzed the devices described in the literature and recommended the use of a method that would allow for the adaptation and fixation of the file to the canal to avoid oscillations that could affect the results (41) .
We used a nontooth model. Canals were placed in hardened steel, and their design did not simulate clinical conditions. Because files have different diameters at different levels, a device suitable to test files at different levels should have different diameters, thus producing very similar testing conditions at any chosen point. The device used in this study had 11 canals with different diameters, which allowed for the testing of each file at any selected level with equivalent degrees of adaptation. To prevent oscillation of the files during testing, the device has a stainless steel top face cover.
Our method was used to analyze static CF. Files were tested at fixed lengths because our goal was to analyze CF at specific levels in each instrument. This type of method has been shown to yield lower results than dynamic methods (42) because axial movements of the files allow for the distribution of stresses (40) . The only published report analyzing the CF resistance of Reciproc and WaveOne instruments used a dynamic setup (30) . However, the authors also found that Reciproc files exhibited higher CF resistance values than WaveOne files.
We also found higher CF at apical levels than coronal ones. This may be because defects such as pits, metal strips, longitudinal scratches, and milling grooves have been found to be larger near the handle of the instrument than near the tip. The environmental scanning electron microscopy analysis of unused instruments consistently showed numerous surface defects that are very relevant to fatigue resistance (43) .
The CF resistance of endodontic instruments is usually tested by recording the time until fracture in an artificial canal and transforming it to a number of cycles because NiTi files have been classically used in a rotary, clockwise motion (40) (41) (42) (43) . Some of the motors developed before Reciproc and WaveOne systems were available allow for the production of an oscillating movement (ie, a reciprocation) with symmetric clockwise and counterclockwise degrees of rotation. The amplitude of the oscillating angles of the recommended motion for Reciproc and WaveOne files are different toward each side (30, 44) for both brands tested in this research, which renders classic cycle concepts obsolete. In our protocol, the specific preprogrammed movement for each type of file was used, and the variable time was not transformed to a number of cycles. From a clinical perspective, it seems more useful to know the working time that the file can withstand inside the canal. However, there may be differences in cutting efficiency between the files that may translate to different working times clinically, but this was not studied.
The detection of differences in CF resistance between different parts of the instruments can be clinically relevant when a single-file system is used to shape the entire root canal because this information allows clinicians to be careful during the shaping procedure of the specific parts of the canal where the weaker parts of the files are intended to work.
